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Abstract	
	
This	study	outlines	the	effects	of	the	ethanolic	extracts	of	pumpkin	(Cucurbita	moschata)	
seeds	 on	 the	 bone	 calcium	 levels	 in	 ovariectomized	 (ovx)	 osteoporisis	 rat	 models.		
Thirty	 of	 8‐weeks‐old	 female	 Sprague–Dawley	 rats	 were	 randomly	 assigned	 to	 six	
groups:	 Normal,	 OVX,	 OVX‐Estradiol,	 OVX‐ECM	 100	mg/kg	 BW,	 OVX‐ECM	 200	mg/kg	
BW,	OVX‐ECM		400	mg/kg	BW	for	30	days.	The	administration	of	ECM	and	estradiol	was	
given	orally	using	a	stomach	tube.	It	is	on	the	31st	day	since	the	bones	of	femur	and	tibia	
rat	were	isolated.	The	isolated	bones	were	analyzed	using	wet	destruction	and	the	bone	
calcium	 levels	 were	 measured	 using	 the	 AAS.	 The	 bone	 calcium	 level	 were	 tested	
statistically	using	one	way	ANOVA.	The	average	of	bone	calcium	levels	 for	each	group:	
for	 the	 normal	 group	 is	 18.30	 +	 3.17%,	 OVX	 16.44	 +	 3.93%,	 OVX‐Estradiol	 16.59	 +	
2.63%,	and	 for	 the	group	of	OVX‐ECM	dose	100,	200,	 400	are	17.79	+	2.88%,	18.90	+	
2.14	%,	and	18.28	+	3,76%	respectively.	The	conclusion	is	that	the	treatment	of	seeds	of	
pumpkin	(Cucurbita	moschata)	with	the	different	dose	of	100,	200,	and	400	mg/kg	BW	
for	30	days	increase	the	bone	calcium	level	in	the	ovariectomized	rats.	According	to	the	
statistical	data,	there	was	no	significant	differences	among	the	treatment	groups.	
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1. Introduction	
	
Osteoporosis	 is	 a	 multifactorial	 progressive	 skeletal	 disorder	 characterized	 by	
reduced	 	 bone	 mass	 and	 deterioration	 of	 bone	 	 microarchitecture,	 predisposing	 it	 to	
increased	 fracture	 risk	 (Singh,	 et	 al.,	 2013).	 In	 the	 multinational	 European	 Vertebral	
Osteoporosis	Study,	the	prevalence	of	vertebral	deformities	was	similar	among	men	and	
women	at	ages	65‐69	years	(12‐13%).	Approximately	40	in	100	women	will	experience	
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one	or	more	fractures	after	the	age	of	50	years.	At	50	years	for	women	the	lifetime	risk	
is	17.5%	for	hip	fracture,	16%	for	vertebral	fracture,	and	16%	for	Colles'	fracture	(Lips,	
1997).	
	
Menopause	 is	 a	 condition	 of	 the	 ovariums	 failure	 to	 produce	 estrogen.	 Estrogen	
hormone	 has	 a	 contribution	 to	 help	 the	 the	 calcium	 absorption	 in	 the	 intestine	 to	
maintain	the	bone	density.	Estrogens	have	been	shown	to	be	essential	for	maintaining	a	
sufficiently	high	bone	mineral	density	and	ER	alpha	expression	has	been	demonstrated	
in	bone	cells.	The	decreasing	of	 the	calcium	absorbtion	will	disrupt	 the	balance	of	 the	
calcium	 in	 the	blood	because	 the	 low	blood	 calcium	may	 lead	 to	 the	 increasing	of	 the	
calcium	 reabsorption	 in	 the	 bone	 and	 causes	 low	 bone	 mass.	 The	 decreasing	 of	 the	
calcium	level	in	the	bone	due	to	estrogen	deficiency	called	postmenopausal	osteoporosis			
(Lane,	2001;	Arts	,et	al.,	1997)		
	
The	 injection	 of	 the	 hormone	 to	 substitute	 the	 estrogen	 (Estrogen	Replecement	
Therapy‐ERT)	is	commonly	given	to	the	menopause	women	to	overcome	the	symptoms	
of	 	 post‐menopause	 and	 to	 prevent	 chronic	 disease	 such	 as	 osteoporosis	 (Depkes	 RI,	
2008).	 The	 mixture	 of	 the	 synthetic	 estrogen	 given	 as	 the	 therapy	 to	 substitute	 the	
hormone	is	expensive	also	it	has	the	effects	of	adverse.	Synthetic	estrogen	can	interfere	
the	blood	clotting	process,	disturb	the	action	of	enzyme	in	the	liver,	causing	endometrial	
uterine	bleeding,	nausea	and	vomitting	The	use	of	synthetic	estrogen	continuously	can	
cause	carcinoma	ovarium.	Besides,	the	use	of	estrogen	and	progesterone	as	the	hormone	
replacement	therapy	can	also	be	the	risk	of	the	breast	cancer	(Gang,	et	al.,	1999	;	Ross,	et	
al,	 2000)	 Therefore,	 further	 exploration	 of	 alternatives	 and/or	 adjunctive	 approaches	
that	 can	 produce	 clinically	 relevant	 prevent	 bone	 loss	 like	 in	 osteoporosis	 would	 be	
interest.	Non‐hormonal	 theraphy	or	natural	product	 therapy	may	more	acceptable	 for	
the	treatment	and	prevent	osteoporosis.	
	
The	 existence	 of	 	 the	 side	 effects	 of	 the	 hormonal	 therapy.	 It	 is	 wiser	 to	 use	
phytoestrogen	therapy	as	the	alternative	for	the	menopause	women	because	it	is	saver	
(Rimoldi,	 et	 al.,	 2007).	 Phytoestrogens	 are	 estrogen‐like	 compounds	 found	 in	 a	 wide	
variety	of	plants.	Studies	performed	in	vitro	and	using	animal	models	report	that	these	
substances	 bind	 the	 estrogen	 receptor	 and	 exert	 hormonal	 and	 antihormonal	 effects	
(Kurzer,	2003).	Accumulating	evidence	from		reseach	suggests	that	phytoestrogens	may	
potentially	 confer	 health	 benefits	 related	 to	 osteoporosis	 and	 osteoporotic	 fractures	
(Tham,	et	al.,	1998)		
	
One	 of	 the	 plants	 that	 contain	 phytoestrogen	 substance	 is	 the	 seeds	 of	 pumpkin	
(Cucurbita	moschata).	 The	 C	moschata	 has	 phenolic	 glycoside	 phenylcarbinyl	 5‐O‐(4‐
hydroxy)benzoyl‐beta‐D‐apiofuranosyl	 beta‐D‐glucopyranoside,	 1‐O‐benzyl[5‐O‐
benzoyl‐beta‐D‐apiofuranosyl]‐beta‐D‐glucopyranoside,	 and	 cucurbitosides	 (Li,	 et	 al.,	
2009	 ;	Koike,	et	al,	2005).	 	However,	 the	estrogenic	effect	of	phytoestrogen	 	especially		
the	effect		on	bone	calcium	level		the		from	C	moschata				have	not	been	investigated.		This	
research	aims	to	determine	the	effect	of	ethanolic	effect	of	C	moschata	seeds	on	the	bone	
calcium	level	in	the	ovariectomized	rats.	
	
 
2. Research	Method		
	
2.1 Plant		and		Chemical		Materials		
	
Seeds	 of	 pumpkin	 (C	moschata)used	 in	 the	 present	 study	 were	 collected	 from	
Salatiga	Indonesia	and	authenticated	at	the	Laboratory	of	Plant	Taxonomy,	The	Faculty	
ofBiology,	 Gadjah	 Mada	 University,	 Yogyakarta,	 Indonesia.	 Concentrated	 nitric	 acid	
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solution,	Perchlorate	acid	solution,	distilled	water	and	Calcium	Carbonate	were	obtained	
from	LPPT	Gadjah	Mada	University,	Yogyakarta,	Indonesia	
	
2.2 The	Preparation	of		Ethanolic		Extract	of		seeds		of		pumpkin	(C		moschata)	
	
The	dried	powders	of	seeds	of	pumpkin	(C	moschata)	were	extracted	by	maseration	
using	ethanolic	70%.	The	ethanolic	extracts	were	evaporated	to	obtain	the	concentrated	
extract.			
	
2.3 Animals		
	
Female	 Sprague–Dawley	 rats,	 aged	 6	 week,	 were	 purchased	 from	 Faculty	 of	
Medicine,	 Gadjah	Mada	 University,	 Yogyakarta,	 Indonesia.	 The	 animals	 were	 grouped	
and	 maintained	 under	 the	 standard	 laboratory	 conditions	 with	 dark	 and	 light	 cycle	
(12/12	h)	and	allowed	free	access	to	commercial	pellet	diet	and	water	ad	libitum.			
	
2.4 Administration	Procedure	
	
Rats	 were	 acclimatized	 to	 laboratory	 condition	 for	 1	 week	 before	 the	
commencement	 of	 the	 experiment.	 Ovariectomized	 rat	were	 done	 to	 all	 experimental	
animals	except	to	the	normal	group.			Animals	were	assigned	to	the	experimental	groups	
:	normal,	OVX,	OVX‐Estradiol,	OVX‐ECM	100	mg/kg	BW,	OVX‐ECM	200	mg/kg	BW,	OVX‐
ECM	 	400	mg/kg	BW,	with	 five	animals	per	group,	per	experiment.	Twenty	days	after	
ovariectomized	rat,	all	of	the	rats	were	allowed	to	the	controlled	access	to	a	commercial	
standard	pellet	and	to	deionized	water	ad	libitum	for	20	days.		
The	extract	of	C	moschata		tuber	was	given	orally	once	a	day	during	30	days	and	the	
doses	 are	 100	mg/kg	 BW,	 200	mg/kg	 BW,	 and	 400	mg/kg	 BW	 to	 the	 experiemental	
group	of	OVX‐ECM.	The	group	of	OVX‐Estradiol	was	given	estradiol	with	 the	dose	of	2	
µg/day,	and	the	control	groups	and	OVX	did	not	get	any	treatment.	On	the	31st	day,	the	
rats	were	 sacrificed	 and	 their	 thigh	bones	 are	 taken	 to	process	measurement	 of	 bone	
calcium	level.	
	
2.5 The	Measurement	of	Bone	Calcium	Level	Using	the	Atomic	Absorption	
Spectroscopy(AAS)	
	
The	isolated	bones	were	weighted	to	find	out	the	weight	of	the	bones.	The	sample	of	
the	 isolated	bones	 that	had	been	weighted	was	 to	be	destructed	by	using	15	ml	HNO3	
and	 3	ml	 HClO4,	and	 heated	 until	 the	 bones	 dissolve	 in	 the	 solution	 and	 the	 solution	
became	 clear.	 The	 destruction	 was	 continued	 until	 +3	 ml	 left,	 then	 added	 25	 ml	 of	
distilled	 water	 to	 it.	 The	 solution	 of	 the	 sample	 was	 filtered	 and	 diluted	 using	 the	
distilled	water	until	100	ml.	The	sample	as	the	result	of	destruction	process	was	ready	to	
be	read	at	 the	absorbance	part	using	the	AAS	 	at	 the	wavelength	of	(λ)	422,7	nm.	The	
result	of	the	reading	then	was	compared	with	the	standard	curve,	therefore	came	up	the	
level	of	bone	calcium	in	mg/dl	or	ppm.The	standard	curve	is	the	result	of	the	absorbance	
measurement	 from	 several	 series	 dilution	 from	 calcium	 standard	 dilution.	 The	
concentrations	of	carbonic	calcium	(CaCO3)	that	was	used	as	the	standar	solution	are	0;	
0,05;	0,1;	0,2;	0,5;	0,8;	1;	2;	3;	4;	and	5	mg/L.	The	result	of	standard	solution	absorbance	
measurement	would	create	the	similarity	on	the	linear	lines	that	were	used	to	find	out	
the	calcium	level	of	the	ovariectomized	rat	bones	that	were	used	as	the	sample.		
	
2.6 Data	Analisis	
	
The	 bone	 calcium	 level	 data	 from	 the	 animal	 experiments	 were	 expressed	 as	 the	
mean	±	SD.	The	statistical	significance	of	differences	between	the	groups	were	assessed	
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with	 a	 one‐way	 ANOVA,	 	 	 p	 values	 of	 less	 than	 0.05	 were	 considered	 to	 indicate	
significant	differences.	
	
3. Result	and	Discussion		
	
The	 average	 of	 bone	 calcium	 level	was	 gained	 from	 the	measurement	 of	 bone	
calcium	level	in	rats	(Rattus	norvegicus)		Sprague‐Dawley	strain		ovariectomized		model.	
Those	 rats	 were	 given	 the	 teraphy	 of	 etanolic	 extract	 of	 	 seeds	 of	 pumpkin	 (C		
moschata)and	measured	of	bone	calcium	level	with	AAS	methods.	The	result	is	shown	in	
Table	1.	
	
Table	1.The	average	of	bone	calcium	level.	
	
No	 Group	 Bone	calcium	level	%	+	SD	
1.	 Normal	 18.30		+	3.17	
2.	 OVX	 16.44	+	3.93	
3.	 OVX‐Estradiol	 16.59		+ 2.63
4.	 OVX‐ECM100mg/kg	BW	 17.79		+	2.88
5.	 OVX‐ECM200	mg/kg	BW	 18.90		±		2.14	
6.	 OVX‐ECM400	mg/kg	BW	 18.28		±		3.76	
	
Ovariectomy	is	a	process	to	take	away	the	ovarium	in	order	to	make	the	model	
rats	 become	 menopause.	 The	 assumption	 is	 that	 after	 the	 ovariectomy,	 the	 rats	 will	
experience	 the	 decreasing	 of	 estrogen	 hormone	 and	 it	 is	 similar	 to	 the	 hormone	
deficiency	 in	 menopause	 women.	 The	 decreasing	 of	 the	 estrogen	 hormone	 after	 the	
ovariectomy	because	the	ovarium	as	the	hormone	producer	is	alredy	been	removed.	The	
decreasing	 of	 estrogen	 hormone	 in	 the	 animal	model	 is	 proven	 by	Hartiningsih	 et	al.,	
(2010)	who	explains	that	the	ovariectomy	in	rats	can	decrease	drastically	the	estrogen	
hormone	level,	so	the	condition	is	similar	to	menopause.	
	
The	 bone	 calcium	 level	 is	 different	 between	 normal	 group	 and	 OVX	 group.	 The	
normal	 rat	 treatment	 group	 is	 the	 groups	 that	 have	 normal	 ovarium	 and	 they	 still	
produce	estrogen	endogen	hormone.	The	 average	of	 bone	 calcium	 level	 at	 the	normal	
group	is	18.30%,	and	it	is	higher	than	OVX	group,	16.44%.	Although	the	difference	is	not	
significant	 based	 on	 the	 statistic	 analysis.	 The	 decreasing	 of	 bone	 calcium	 in	 the	 OVX	
group	is	to	prove	that	that	estrogen	deficiency	in	the	ovariectomy	rats	also	decrease	the	
bone	calcium	level	(Nurrochmad	et	al.,	(2010)	also	state	the	same	result	.	
	
Estrogen	 endogen	 deficiency	 in	 the	 menopause	 women	 can	 lead	 to	 the	
increasing	of	osteoclastogenesis	process	and	the	loss	of	bone	mass.	In	order	to	keep	the	
estrogen	balance,	menopause	women	need	to	get	substitute	for	the	estrogen	hormone.	
Estrogen	intake	can	increase	the	apoptosis	of	osteoclasts	as	it	hinders	the	formation	of	
cytokine	 that	 can	 stimulate	 the	 osteoclasts	 differentiation	 (IL‐1,	 IL‐6,	 dan	 TNF‐α).	
Besides,	 the	 estrogen	 intake	 can	 also	 stimulates	 the	osteoprotegerin	 (OPG)	 expression	
and	TGF‐β	(Transforming	Growth	Factor‐β)	from	the	osteoblast	and	stroma	cells,	so	the	
process	can	hamper	bone	resorption	(NOS,2010	;	Kennedy	et	al.,	2008).	It	is	in	line	with	
the	result	of	calcium	level	in	OVX‐Estradiol,	which	get	the	Estradiol	therapy.	The	average	
of	the	calcium	level	is	16.59%	and	it	is	higher	than	the	OVX	group.		
	
The	administration	of	ECM		200,	400	and	800	mg/kg	BB	effectively	prevented	OVX‐
induced	 lowering	 	 calcium	 bone	 level.	 ECM	 is	 phytoestrogens	 from	 seed	 C.moschata	
agent	 containing	 isoflavones	 types	 of	 phenolic	 glycosides.	 Phytoestrogens	 have	 two	
hydroxyl	 (OH).	 OH	 group	 that	 is	 the	 basic	 structure	 of	 a	 substrate	 in	 order	 to	 have	
estrogenic	effects,	so	it	 is	able	to	bind	to	estrogen	receptors.	The	chemical	structure	of	
phytoestrogens	have	similar	chemical	structure	to	estrogen	in	mammals.	Isoflavones	are	
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phenolic	 ring	on	 important	structures	 in	 the	majority	of	 isoflavone	components	which	
serve	to	bind	to	the	receptor	estrogen	(Hartiningsih,et	al.,	2010)	
.	
	
The	mechanism	of	bone	resorption	which	is	mediated	by	osteoclast	will	damage	the	
bone	 mineral	 crystals	 ligament	 that	 have	 the	 form	 of	 calcium	 phosphatase	with	 the	
collagen	matrix.	The	interaction	of	osteoclast	with	the	bone	surface	during	the	process	
of	resorption	not	only	release	some	acids	(for	example	citrit	acid,	 lactat	acid)	from	the	
mitochondria	 and	 secretory	 vesicles,	 but	 also	 release	 the	 hydrogen	 ions	 through	
carbonic	anhidrase	 dan	 vacuolar	ATPase	pompa	proton	 channel.	 This	 condition	 creates	
acidic	 environment	 at	 the	 resorptive	pit	 that	 cause	 the	 damage	 on	 the	 bone	 matrix.	
Osteoblast	 cells	 have	 a	 role	 to	 secret	 the	 bone	 matrix	 component	 like	 collagen	 and	
proteoglycan.	 Collagen	 has	 function	 to	 give	 strength	 to	 matrix	 and	 binding	 the	 bone	
mineral	salt.	Proteoglycan	has	function	to	deposite	the	bone	mineral	(Hartiningsih,et	al.,	
2010)	
	
Calcium	and	phosphate	salts	are	deposited	on	the	surface	of	the	bone	maker	cells	
as	 the	 non‐crystal	 compound	 which	 then	 are	 converted	 into	 hydroxyapatite	
[Ca10(PO4)6(OH)2]	 of	 the	 bone	 major	 crystal	 salt.	 The	 function	 of	 hydroxyapatite	 is	 to	
keep	 the	 ion	 and	 give	 strength	 to	 the	 bone.	 Some	hydroxyapatites	stay	 in	 the	 form	 of	
non‐crystal	to	fascilitate	the	fast	absorption	when	needed	(Prabowo,	et	al,	2014)	
	
The	averages	of	bone	calcium	level	from	the	treatment	rat	group	of	OVX‐ECM	100;	
200;	400	are	17.79%;	18.90%,	18.28%	respectively.	The	averages	are	higher	than	OVX	
and	 OVX‐Estradiol	 groups.	 The	 intakes	 of	 C	moschata	seeds	 extract	 for	 30	 days	 	 give	
effect	to	the	increasing	of	the	calcium	level	but		it	was	not	statistically	significant.	 	This	
effect	seems	to	be	proestrogenic	compound,	which	suppress	bone	resorption	by	directly	
acting	on	estrogen	receptor	in	bone	sites.	
	
4. Conclusions	
	
	 The	administration	of	ethanolic	extract	of	 seeds	of	pumpkin	 (Cucurbita	moschata)	
doses	100;	200;	and	400	mg/kg	BW	during	30	days		increase	the	bone	calcium	level	in	
the	 ovariectomized	 rats.	 According	 to	 the	 statistical	 data,	 there	 was	 no	 significant	
differences	among	the	treatment	groups.		
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